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Introduction
Manganese oxide tunnel compounds with the Na 0.44 MnO 2 structure are attractive candidates for use as cathodes in lithium batteries due to the prospective cost savings and their robust nature. 1, 2, 3, 4, 5 However, a significant portion of the capacity lies above 4.4 V vs. Li/Li + , limiting the energy density attainable with conventional electrolytes. 6 Above 4.2 V a substantial increase of interfacial impedance has been reported that results in considerable power loss and arises from the formation of surface films due to electrolyte oxidation and LiPF 6 decomposition. 8 Room temperature ionic liquids (RTILs) 7 potentially offer a wider stability window to allow for the complete removal of lithium from all the sites in the tunnel compound. Indeed some classes of RTIL have been shown to be electrochemically stable up to 5.4 V vs. Li/Li + . 9 Consequently, these materials may be able to reach their theoretical capacity of 193 mAh/g in RTILs, compared to 120 mAh/g typically obtained in ambient temperature conventional electrolytes.
Much attention has been directed to pyrrolidinium-based ionic liquid electrolyte systems due to the good compatibility with metallic lithium. 7, 10 Li x MnO 2 cathodes with the Na 0.44 MnO 2 structure cycle stably in polymer electrolytes or carbonate-based electrolytes at 80°C and room temperature, respectively. 3 However, it exhibits poor cycling behavior in lithium cells with pyrrolidinium-based RTILs. 11 This is caused by a cathode dissolution/precipitation process, evidenced by changes observed in the SEM images and XRD patterns of fresh and cycled electrodes. In contrast, the isostructural Li x Ti 0.11 Mn 0.89 O 2 material cycles stably and shows no signs of significant degradation.
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The goal of this study was to continue previous work 11 Table 1 . 7, 12, 13, 14, 15 The spectra of the electrolyte and the Li anode surface exhibit a similar pattern of bands, although the relative intensities of the peaks vary. Figure 4c shows the spectrum of Li-anode after subtraction of the signal from the electrolyte. Both spectra were baseline corrected and normalized to the intensity of the most prominent peak of the P 13 υ C-H stretch at 2979 cm -1 prior to subtraction. 7 The P 13
C-H group band was chosen as reference because it remains unchanged upon exposure to 7 lithium. Table 2 provides assignments for the peaks that consistently appeared in the Li differential spectrum. Positive peaks in the differential spectrum suggest the presence of new species on the lithium whereas negative peaks imply a loss of the signal from the electrolyte components.
The peak intensity analysis of the differential spectrum of the lithium anode These results strongly suggest that Li x MnO 2 undergoes partial surface decomposition and phase transformation during prolonged cycling of Li x MnO 2 in 0.5 mol/kg LiTFSI in P 13 FSI to form a highly disordered and non-stoichiometric layer of MnO x -type products.
The spectrum of the cycled Li x Ti 0.11 Mn 0.89 O 2 cathode also exhibits some differences when compared to the fresh powder. Its spectrum also has bands centered at ca. 650 and 500 cm -1 , however these maxima are better resolved and display several of distinct bands of the uncycled material, albeit at much lower signal to noise ratio. In particular, the previously most intense Raman band at 572 cm -1 has been reduced to a shoulder band and the most defined peaks can be seen at 510, 611 and 689 cm -1 . This spectrum suggests that the surface has reverted to a spinel-like phase, though with limited adverse affect on the electrochemical performance.
Baseline corrected FTIR reflectance spectra of the fresh and cycled Li x MnO 2 ( Figure 8 ) display numerous peaks that increase substantially in intensity with cycling.
Despite the presence of residual RTIL on the surface of the unwashed cathode, spectra measured at various points on the surface, consistently displayed increasing peak intensity with cycle number. These bands correspond to the vibration modes of the electrolyte components and their decomposition products. No spectral response of the cathode active material could be examined because it falls below the limits of the IR detector used in this work.
After one charge/discharge cycle, the peaks assigned to TFSI -appear altered; most strikingly, the υ a S-N-S (1058 cm -1 ) band is absent. 7 New weak peaks associated These results suggest two main degradation mechanisms that contribute to the Absorbance a.u.
Wavenumber/ cm Absorbance a.u.
Wavenumber/ cm -1 3000 2900 Figure 9 : Hardwick et al.
